LITTLE is yet understood as to the mode of action of the cardiazol convulsion in schizophrenic states and especially in the catatonic forms in which this method of treatment seems (v. Meduna, 1934) to be most effective. A possible method of approach to this problem lies in the study of the convulsion as it affects the animal, and of its effect on artificially induced states having features in common with catatonia. The experiments to be described were undertaken with the object of determining the effect of cardiazol convulsions on the hypokinetic state produced by bulbocapnine in monkeys, and more especially on the components of that state which have an objective resemblance to the catalepsy of catatonic stupor.
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and allowed to hang without support. The time from the moment when support was withdrawn to the moment when the animal fell into the net was taken with a stopwatch and recorded as the hanging-time.
Although the monkeys used were old enough to have lost the neonatal grasp reflex, in some of them a slight reflex was present which caused them to hang for a few moments. Their hanging times became gradually less at subsequent trials and finally disappeared and did not return. The presence of the grasp reflex was tested for on a number of occasions before the animals were used in an experiment, as well as at the commencement of each trial. No animal was used in an experiment if it did not, on being put to the bar, at once let go and try actively to escape. With the hangingtimes as ordinates and the time in minutes as absciss', a graphic record was made in each case (Fig. l) described. One week later, when, as shown by activity records, appetite, and weight, the animals were in the same condition, a single convulsant dose of cardiazol was given and the effects noted in the same way. One week after this, convulsions were induced with the same dose of cardiazol, given when the effect of bulbocapnine was at its height ; and, finally, two of the animals were given a further trial with bulbocapnine alone in order to find whether it still produced the same results in a monkey that had had two convulsions.
Results
Effect of bulbocapnine alone.-In the five monkeys used, the hanging-curves and descriptive data were essentially similar and the following features were common to all the records, a typical example of which will be given in detail later. When 15 mg. per kilo of bulbocapnine was given, the grasp reflex appeared within 5 to 15 minutes after the injection in all the animals, by which time they had ceased to move about and had all assumed the " Penseur de Rodin " attitude and showed gross tremors of the neck and extremities. These tremors had an average frequency of four to five per second. None of the animals showed any inclination to move towards food which was put in front of them, and when pushed they would move only a few inches before coming to rest. When a limb was raised, after perhaps a few moments of immobility, it would be slowly lowered and never held against the action of gravity for long. All five monkeys, however, if placed on their backs, would remain still with the extremities in the air for about a minute before slowly taking up a recumbent position.
Eye movements were of normal rapidity, but if the animals' attention was attracted by a sound at one side, their eyes would turn in the direction of the sound before the head moved, if it moved at all. Tendon reflexes were present at all stages and slight rigidity of the " cogwheel" variety was present in the flexors of the arms. During the first 25 minutes excessive salivation and usually dribbling were present. The tendency to keep the limbs in the same posture was just as marked when the tremors had practically disappeared as when they were most evident, but this cataleptic tendency invariably disappeared at least 10 minutes before the animals ceased to hang.
The hanging-time was taken for each hand separately, and when this was done at regular intervals of 10 minutes it was found that the times were remarkably uniform in the two hands (Fig. 1) . For simplicity in expressing the results, the mean time for the two hands is shown in subsequent figures. As may be seen in the figures (especially Fig. 2 ) the hanging times were usually greatest at the commencement and then remained at roughly the same level for about 70 minutes, after which they gradually decreased.
Effect of cardiazol convulsions alone.-Preliminary experiments established that the ideal dose was 0-1 c.c. of the 10 per cent. solution per kilo of body weight, given intravenously as rapidly as possible. This is roughly equivalent to the average dose used in therapeutic convulsions in man. It was found that with 0-08 c.c. an excitable state was produced in which there was much twitching but no convulsions and that when 0-2 c.c. was given to two of the animals a status epilepticus appeared which lasted for over two hours. Within 10 seconds of the injection, typical epileptiform convulsions appeared with a tonic phase of 3 to 10 seconds followed by a short clonic phase which lasted a little over a minute. In the 3 minutes which followed the onset of the fit, a transient hanging response was found in all the animals, but it was of only a few seconds' duration and irregular in appearance, and after this period they behaved normally in every way.
Effect of a Cardiazol convulson given during the action of bulbocapnine. The same dose of bulbocapnine as was used in the previous experiments was given again to the same animals and the usual effects, of salivation, tremor, immobility, and hanging response, were observed. About 25 minutes after the bulbocapnine was given, when, as seen in Fig. 3 , the hanging time was at its highest level, the cardiazol was injected, 0-1 c.c. per kilo being given as before. The convulsions produced were similar in all respects to those which occurred when no bulbocapnine had been given. It was especially noticeable that in the period immediately following the convulsion the coarse tremors " BULBOCAPNINE CATATONIA " were absent and the muscles were flaccid until the animals began to show evidence of awareness of their surroundings. After the convulsions they were rather drowsy for about 10 Fig. 3 .-Two hanging-curves from the same monkey showing the effect of bulbocapnine alone (interrupted line) and the effect of inducing a convulsion with cardiazol when the effect of the bulbocapnine was at its height. Note the prolongation of the hanging period and the appearance of well-marked catalepsy.
the animals could be placed in any posture, where they would remain until moved. When pushed over, there was no attempt at righting, and when they fell from the bar after hanging, the animals remained in the position in which they fell, as if inanimate. The catalepsy was far more profound than that seen with bulbocapnine alone, and fully satisfied the criteria of Ferraro and Barrera (1931) . This cataleptoid state persisted for from 25 to 70 minutes in the different animals, and during this period the hanging times remained roughly at the same level. The condition then disappeared quite rapidly and the hanging times at once became shorter. This is well seen in Fig. 3 , where the duration of the deep catalepsy is represented by a horizontal line, at the termination of which the hanging times are seen rapidly to become shorter. The animals were always slow and inactive after these experiments, in contrast to the experiments with bulbocapnine and with convulsions alone, and activity records showed that they did not regain their former level for 24 to 48 hours. In order to illustrate this general description, the experimental data and ALEXANDER KENNED Y graphic records from one of the five animals are given in detail (see p. 122), the results for the others being summarized in Fig. 4 Discussion From the experiments described it is evident that the convulsions induced by injections of cardiazol in the monkey are comparable in all details with the therapeutic convulsions observed in the human subject. Not only is the dosage roughly the same in proportion to the body-weight, but the time-relations of the convulsion itself and the effects of non-convulsive doses are closely similar. In view of this very close similarity, the effects of overdose are of considerable clinical interest, the amount sufficient to induce status epilepticus in the monkey being roughly equivalent to an injection of 14 c.c. of cardiazol solution in a man of average weight.
The hypokinetic state produced in monkeys by the action of bulbocapnine is made up of a number of component phenomena, some of which are common to it and to catatonic stupor. Such features are the immobility, lack of motor initiative, and the tendency for the limbs to remain in abnormal positions when so placed, i.e. catalepsy. Other features, such as stereotypy and mannerisms, have been described as common to the two conditions, especially by de Jong and Baruk (1930) , but they are less constant and involve an interpretation of the animal's behaviour in clinical terms. Other features, such as bradykinesis, tremor, and salivation, emphasized by Schaltenbrand, suggest a resemblance to an extrapyramidal syndrome. The effect of cardiazol convulsions is to increase some of the components of this composite state, to decrease others, and to leave others practically unchanged. The catalepsy is very noticeably increased in the period after the convulsion, as is the hanging-time, which to some extent acts as a measure of its intensity, while during the actual convulsion tremor is absent, nor does it fully return in the post-convulsive period. Thus the cataleptoid features are greatly increased while the signs resembling those of extrapyramidal dysfunction are decreased. This effect is similar to that seen "BULBOCAPNINE CA TA TONIA " when carbon dioxide is given in high concentration to the animal under the influence of bulbocapnine (Paterson and Richter, 1933) and is in contrast to that of cocaine, which completely abolishes the catalepsy (Buchman and Richter, 1933) and, with it, the hanging-response.
That the hanging-response is not due solely to the presence of catalepsy is shown by the fact that it remains when the catalepsy has gone (Fig. 3) . It has been shown (Richter and Paterson, 1932 ) that a variety of substances, most of them cerebral depressants, cause the response to appear in the monkey, and, though many of these induce an akinetic state, none produces cataleptoid phenomena comparable with those induced by bulbocapnine. The hangingtimes are, however, greatest when catalepsy is present.
In these experiments convulsions alone produced only a transient hanging response. It would therefore seem likely that in these animals in the postconvulsive period there was a phase of lowered activity of a part at least of the nervous system, which produced a specific effect in intensifying bulbocapnine catalepsy and a more general one in causing an additional increase in the hangingtime. That the part of the nervous system most affected in this specific action is the cortex is suggested by the fact that in the post-convulsive period the tremor is greatly reduced and usually abolished. It has been shown that unilateral decortication (Ferraro and Barrera, 1932) and decerebration (Schaltenbrand, 1925) cause bulbocapnine tremors to disappear on the contralateral side, that is, that an intact cortex is essential for their production. In view of this it may be that a lowering of cortical activity after the convulsion balances the subcortical disturbance produced by bulbocapnine and thus abolishes the tremor. If, from its speed, its association with an attitude of flexion, salivation, and rigidity, the tremor seen in a bulbocapninized monkey can be taken to be of the same nature as that of post-encephalitic Parkinsonism, the effect would be comparable to the clinical abolition of these tremors in sleep or in amytal narcosis. It may thus be that the action of convulsion, in increasing the cataleptic component of the state produced by bulbocapnine, is due to a temporary depression of function at the cortical level which occurs in the postconvulsive period.
Summary
The effects of moderate doses (15 mg. per kilo) of bulbocapnine on monkeys are fairly uniform in different animals and in the same animal on different occasions.
The effect of cardiazol convulsions on the state produced by bulbocapnine was studied in five monkeys and compared by means of its effect on the graspreflex, on the cataleptoid phenomena, and on the general motor state of the animal.
The action of the convulsion is greatly to increase the cataleptic component of the state produced by bulbocapnine, producing a very marked cataleptic state, and to prolong the action of the drug both in its action in producing an akinetic state and in causing a reappearance of the neonatal grasp-reflex.
